The study was undertaken to investigate the influence of once-daily treatment with montelukast (Singulair; MSD; Glattbrugg, Switzerland) on levels of exhaled nitric oxide (eNO) and lung function in preschool children with asthma. Methods: A total of 30 children (19 girls), 2 to 5 years of age, in whom asthma had been newly diagnosed, who had a positive first-degree family history of asthma and a positive allergy test result, were allocated to undergo a 1-week run-in period of montelukast treatment. eNO and airway resistance were measured in all patients before (visit 1) and after the run-in period (visit 2), and after treatment with montelukast (4 mg once daily) for 4 weeks (visit 3). Results: There were no significant differences in all parameters before and after the run-in period. However, the mean (SD) levels of eNO and the mean (SD) levels of airway resistance after treatment at visit 3 were 11.6 parts per billion (ppb) 
S
tudies investigating the effect of antiinflammatory treatment in young children with asthma have shown inconsistent results. Prophylactic inhaled antiinflammatory therapy is not effective in preventing acute exacerbations in young children with viralinduced recurrent wheeze. 1 In contrast, in children with recurrent wheeze therapy with systemic and inhaled steroids have been shown to be effective in the treatment of acute symptoms. 2, 3 The different response to antiinflammatory treatment may be explained by the heterogeneity of disease expression. Most young children with recurrent wheeze experience recurrent episodes of viral-induced wheeze, and only a small number of young children experiencing recurrent or chronic wheeze have allergic asthma. 4 It may well be that the allergic asthma subgroup of children with recurrent wheeze are more likely to respond to antiinflammatory treatment. Therefore, it would be important to distinguish between the two groups of young children with recurrent wheeze. 5 However, the diagnosis of early childhood respiratory symptoms is often based on clinical history, physical examination findings, and nonspecific laboratory test results. A family history of asthma and a positive allergy test result may be helpful in making the diagnosis. 4 Over the past years, new diagnostic procedures have been developed. The measurement of exhaled nitric oxide (eNO) levels is thought to be a useful marker of asthmatic airway inflammation, and may therefore serve as an additional diagnostic tool that can be measured noninvasively in adults, children, and even infants. 6 -8 eNO levels are elevated in asthmatic children compared to healthy children and are reduced after antiinflammatory therapy. 7,9 -11 Measurements of lung function form an important part of the clinical assessment and management of older children and adults with asthma. But while lung function tests can easily be performed in adults and children Ͼ 6 years of age, the routine methods are difficult to perform in younger children due to their insufficient cooperation. 12 In preschool children, only a small number of techniques are suitable. While aware of the limitations of these techniques, we measured airway resistance using the interrupter technique (Rint), because this technique requires only little cooperation and can be performed even in very young children. 13 Rint measurements have been shown to be a reliable method for assessing lung function and bronchodilator response in this age group. 14 To a certain extent, the lack of response to inhaled antiinflammatory treatment in young children may be explained by the difficulty of drug administration. Studies have shown that in children in this age group only a small amount of the inhaled drug is deposited in the lungs due to insufficient cooperation. 15 Montelukast (Singulair; MSD; Glattbrugg, Switzerland), an orally available leukotriene receptor antagonist (LTRA), may therefore be a good alternative for antiinflammatory treatment in young children. Cysteinyl leukotrienes play an important role in the cascade of asthmatic airway inflammation, and lead to increased mucus secretion, epithelial cell damage, smooth muscle proliferation and constriction, edema, and the influx of inflammatory cells. 16 As an LTRA, montelukast blocks the effects of cysteinyl leukotrienes, and therefore has a beneficial effect on airway inflammation and bronchoconstriction. 17 Montelukast has been shown to be a potential antiinflammatory drug in school children with asthma, and may be advantageous over inhaled steroids due to its oral, and therefore easy, administration and calculable drug deposition, which cannot be obtained with inhalation therapy, particularly in young children. 18 We aimed to investigate the therapeutic effect of montelukast on eNO, airway resistance, and bronchodilator responsiveness in a well-defined group of preschool children with allergic asthma.
Materials and Methods

Study Design
Children who were referred to our outpatient clinic due to recurrent wheeze over a period of 6 months, and who were symptomatic at the time of referral and had a positive parental history of asthma, were allocated to a run-in period if their eNO level was Ն 15 parts per billion (ppb) and underwent a blood test (ie, the radioallergosorbent test [RAST]) to detect either food or inhaled allergens as well as a lung function measure (ie, Rint) before the run-in period began (visit 1). Therapy with inhaled bronchodilators had been stopped at least 24 h prior to visit 1.
After a 1-week run in period during which subjects received only on-demand bronchodilator therapy, 30 preschool children (19 girls; mean age, 41.2 months; age range, 24 to 60 months) with verified atopy (defined as RAST class Ͼ 1 for at least one of the most frequent allergens) received diagnoses of preschool asthma and were recruited for the study. Again, eNO levels together with lung function and bronchodilator responsiveness were measured (visit 2) and treatment with montelukast (4 mg once daily) was commenced in all patients. Adherence to therapy was controlled by parents' reports on the daily use of montelukast and by counting returned tablets. eNO level, lung function, and bronchodilator responsiveness were measured again after 4 weeks of treatment (visit 3). The study was approved by the local ethics committee, and informed consent was obtained for all patients.
Lung Function
Rint was measured (MicroRint; MicroMedical Ltd; Rochester, UK), and all tests were performed by two trained lung function technicians to minimize the interobserver variability, as shown previously. 19 During tidal breathing, interruptions were randomly performed at the beginning of exhalation, while supporting the cheeks and with the head slightly raised. If possible, children performed the test via a mouthpiece, if not via a face mask. Ten minutes after the administration of three puffs (750 g) terbutaline sulfate from a pressurised metered-dose inhaler (Bricanyl; AstraZeneca; Zug, Switzerland) through a spacer (Nebunette; AstraZeneca), measurements were repeated to detect bronchodilator responsiveness. Technically invalid values were excluded, and the median of a minimum of six acceptable measurements with an intrasubject coefficient of variation of Ͻ 20% was reported.
eNO Measurements eNO was measured using the single-breath positive expiratory technique according to American Thoracic Society recommendations or, if not possible due to patient cooperation (eight patients), using an offline-reservoir technique that has been described previously. 9 Therefore, infants were seated on the legs of the mother and breathed through a face mask. The face mask was attached to a two-way valve that allowed the inspiration of nitric oxide (NO)-free air from a reservoir to prevent contamination with ambient air. After 10 breaths of NO-free air, a reusable 750-mL collection bag (Quintron; Milwaukee, WI) was attached to the expiratory side of the valve and five breaths were collected. The NO concentration in the bags was analyzed within 15 min of collection using a fast-response chemoluminescence analyzer (CLD 77 AM; Eco Medics; Dü rnten, Switzerland) at a sampling flow of 100 mL/min.
Online eNO measurement by the single-breath positive expiratory technique was performed according to American Thoracic Society recommendations in 22 children. 20 Forced eNO was analyzed using a chemiluminescence analyzer (CLD 77; Eco Medics) with a sampling rate of 100 Hz. Children were instructed to perform an exhalation against an expiratory resistance (0.5 to 2.0 kPa) to achieve a constant expiratory flow rate of 50 mL/s, which was supported by an visual feedback system. Measurements were repeated, and the average of three technically acceptable measurements was recorded.
Statistical Analysis
Descriptive statistical analyses were performed. Values for eNO and lung function parameters were normally distributed and were expressed as the mean (SD). Repeated measurements of analysis of variance were performed using contrast vectors for specific conditions or time points. All results were obtained using a statistical software package (SYSTAT 10 Software; SPSS Inc; Chicago, IL).
Results
From 55 preschool children with recurrent wheeze and a parental history of atopy, 9 had to be excluded due to their inability to perform valid Rint measurements. Forty-six children were allocated to the run-in period, but only 30 fulfilled the inclusion criteria, including positive RAST test result, and were included in the study.
The mean eNO levels at visits 1, 2, and 3 were 31.4 ppb (SD, 13.9 ppb), 33.1 ppb (SD, 12.0 ppb), and 11.6 ppb (SD, 9. There was no significant difference in eNO measurements, airway resistance, as well as bronchodilator responsiveness between visits 1 and 2 (p ϭ 0.56, p ϭ 0.8, and p ϭ 0.75, respectively). There was a significant decrease in eNO levels after 4 weeks of treatment with montelukast (p Ͻ 0.0005) [Fig 1] . The reduction in airway resistance (Rint) after 4 weeks of montelukast therapy was significant (p ϭ 0.01) [Fig 2] .
The mean bronchial dilating effect after the administration of terbutaline sulfate was 13.4% (SD, 5.8%), 13.2% (SD, 6.8%), and 13.3% (SD, 7.0%), respectively, after visits 1, 2, and 3, and the differences were not significant different between visit 1/visit 2 and visit 3 (p ϭ 0.75 and p ϭ 0.47, respectively) [Fig 3] .
Discussion
In the present study, we investigated the effect of montelukast on levels of eNO and pulmonary function in preschool children with allergic asthma. We included children with chronic wheeze, raised eNO levels, and parental atopy to ensure a degree of homogeneity with regard to phenotype and to maximize the likelihood of persistent airway inflammation being present. Levels of eNO and airway resistance were significantly lower after 4 weeks of treatment with montelukast.
Current guidelines recommend the use of inhaled steroids as the first-choice treatment for mild persistent asthma in children Ͻ 5 years of age. 21 The effectiveness of montelukast therapy has been investigated in some previous studies. Montelukast has been shown to reduce bronchial hyperresponsiveness, to protect against exercise-induced and allergen-induced bronchoconstriction, to reduce airway inflammation, and, as an add-on therapy, to improve asthma control. [22] [23] [24] [25] In adults and school-aged children, montelukast therapy has been shown to cause a reduction of eNO levels, reflecting its antiinflammatory potency. 10, 11, 24, 26, 27 The primary outcomes of most studies investigating therapy with montelukast in young asthmatic children were clinical findings, respiratory symptoms, and the need for reliever medication, and only a few studies have included objective parameters such as lung function parameters and markers of inflammation. Knorr et al 28 found a significant decrease in blood eosinophils during 12 weeks of therapy and in the need for reliever medication, as well as an improvement of symptoms and in the percentage of symptom-free days in preschool children. Bisgaard et al 10 investigated the effect of montelukast therapy on levels of eNO in asthmatic school children and found a rapid fall in eNO levels, independent of concurrent steroid treatment. Our data from objective measurements suggest that airway inflammation is present in a well-defined subgroup of asthmatic preschool children with raised 
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Clinical Investigations eNO levels. The decline in eNO levels may affirm the antiinflammatory effect of montelukast in these young asthmatic children. However, this conclusion must be considered cautiously since the relationship between eNO levels and airway inflammation has not been fully resolved, and the lack of a control group may limit the conclusions drawn from the present study. 29, 30 The consistent bronchodilator effect at all three visits is in agreement with the bronchodilator effect found in healthy infants and children. 14 Despite ongoing airway inflammation, the children included in our study were nearly symptom-free at the time of the investigation. Levels of eNO and airway resistance were significantly lower after 4 weeks of treatment with montelukast. This was in contrast to measurements of bronchodilator responsiveness, in which no changes were observed. Despite the lack of improvement in bronchodilator responsiveness in this study, it is important to note that our observations agree with those from a study by Kharitonov et al, 31 in which measurements of eNO in adult asthmatic patients were shown to be more sensitive to changes in inhaled steroid doses than measurements of spirometry and peak flow, the need for rescue medication, or the results of diary recordings. It has been suggested that decreased airway inflammation and improvement of airway obstruction will occur before noticeable changes in airway hyperreactivity. 32 Based on this explanation, changes in bronchodilator responsiveness may have been difficult to detect in the present study because of the relatively short treatment period.
As demonstrated in Figure 2 , a decline in airway resistance can be demonstrated in most patients, but not in all, not even in our well-defined subgroup of young asthmatic children with proven atopy, a parental history for asthma, and elevated levels of eNO. Several studies 33, 34 have demonstrated a heterogeneity of patient response to different asthma medications, but the question of why some asthmatic patients respond to antiinflammatory therapy while others do not has not yet been answered. It is a point of discussion of whether the individual genetic background plays an important role in the variability of the clinical response to LTRAs. The biosynthesis of cysteinyl leukotrienes has been extensively investigated, and, after localization of the gene for leukotriene C 4 , a single-nucleotide polymorphism was found. 35 This polymorphism is an example of a genetic variant affecting protein expression and may predispose the patient to a highly leukotriene-dependent form of asthma. The results of preliminary studies seem to support the hypothesis that a benefit resulting from therapy with LTRAs may depend on the patients genetic background. 36 -38 In summary, our study has demonstrated that montelukast decreased levels of eNO and airway resistance in preschool children with allergic asthma and, hence, that an antiinflammatory treatment with montelukast over a short time period can be beneficial. We conclude that montelukast may be a good alternative first-line antiinflammatory treatment in preschool children with allergic asthma, in general, and in children who display a lack of cooperation with inhaled therapy, in particular. Whether this finding, as well as the long-term benefit found for montelukast therapy, applies to younger children and/or children with other etiologies of wheeze still has to be investigated.
